The presence of antiretroviral drug resistance mutations in individuals infected with HIV might hamper the effectiveness of antiretroviral treatment (ART) because the mutations reduce the chances of full viral suppression. The increasing use of ART in both high-and low-income settings could lead to an increase in incidence and prevalence of drug resistance. By contrast, newer highly active antiretroviral therapy (HAART) regimens for HIV treatment carry a lower risk of inducing drug resistance than older regimens [1] . Some studies have shown increasing prevalence of drug resistance in treatment-experienced populations [2] [3] [4] , but there are recent reports from areas with high treatment coverage of decreasing prevalence of both resistance mutations [5, 6] , and of individuals who could potentially transmit drug resistance [7] . Whether the decreasing prevalence is accompanied by a similar trend in population-based incidence has not been shown. With access to all HIV RNA (viral load [VL]) measurements, genotypic drug resistance test results and treatment history in a nationwide population-based cohort of individuals with HIV type-1 (HIV-1), this study aimed to estimate changes over time in the incidence of antiretroviral drug resistance mutations among ART-naive patients initiating HAART.
The presence of antiretroviral drug resistance mutations in individuals infected with HIV might hamper the effectiveness of antiretroviral treatment (ART) because the mutations reduce the chances of full viral suppression. The increasing use of ART in both high-and low-income settings could lead to an increase in incidence and prevalence of drug resistance. By contrast, newer highly active antiretroviral therapy (HAART) regimens for HIV treatment carry a lower risk of inducing drug resistance than older regimens [1] . Some studies have shown increasing prevalence of drug resistance in treatment-experienced populations [2] [3] [4] , but there are recent reports from areas with high treatment coverage of decreasing prevalence of both resistance mutations [5, 6] , and of individuals who could potentially transmit drug resistance [7] . Whether the decreasing prevalence is accompanied by a similar trend in population-based incidence has not been shown. With access to all HIV RNA (viral load [VL] ) measurements, genotypic drug resistance test results and treatment history in a nationwide population-based cohort of individuals with HIV type-1 (HIV-1), this study aimed to estimate changes over time in the incidence of antiretroviral drug resistance mutations among ART-naive patients initiating HAART.
Methods

Data sources
The Danish HIV Cohort Study (DHCS) is a prospective, nationwide, population-based cohort study of all
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Introduction
HIV-1-infected individuals treated in Danish HIV clinics since 1 January 1995 [8] . The study cohort is ongoing with continuous enrolment. The study data are updated annually and include details such as demographics, treatment information and measurements of VL and CD4 + T-cell counts. Data are collected from patient files and entered into the database annually. As antiretroviral medication is administered exclusively from nine departments of infectious diseases in Denmark, the database contains all patients on treatment.
The Danish HIV Sequence Database (DHSD) is a prospective, nationwide, population-based database of all genotypic resistance tests performed in Denmark after 31 December 1999. Genotypic resistance tests in the DHSD are performed on the initiative of the treating physician, mainly in patients with virological failure. Data from the DHCS are linked to the sequences in the DHSD by an identification number unique to each patient. No information was available on the patients' genotypic resistance profile prior to drug initiation.
Study population
All ART-naive patients in the DHCS initiating HAART after 31 December 1997 and who had more than one HIV RNA (VL) measurement were included in the study.
Antiretroviral therapy
HAART was defined as a regimen of at least three antiretroviral drugs consisting of two nucleoside reverse transcriptase inhibitors (NRTIs) in combination with either a non-NRTI (NNRTI), a protease inhibitor (PI) or abacavir, or in the absence of NRTIs, a combination of boosted lopinavir and efavirenz. The Danish national guidelines for initiating HAART have remained largely unchanged since 1997. Treatment initiation is recommended for patients with CD4 + T-cell counts <300 cells/µl, acute or symptomatic infection or pregnancy [9] . A VL>100,000 copies/ml was an indication for treatment initiation only until 2001.
Virological failure
Virological failure was defined as VL>1,000 copies/ml for a minimum of 60 days, while receiving treatment with a given drug class. Accordingly, periods with VL>1,000 copies/ml during a treatment interruption did not count as time with virological failure. VL was considered to be >1,000 copies/ml only during time periods between two consecutive VL measurements >1,000 copies/ml. The cutoff value of 1,000 copies/ml corresponds with the official guidelines of the ViroSeq TM Genotyping System version 2 by Abbott Diagnostics (Foster City, CA, USA).
Genotypic drug resistance
The sequences containing the reverse transcriptase and the protease gene collected for the DHSD were obtained through sequencing using the ViroSeq TM HIV-1 Genotyping System version 2 (Abbott Diagnostics). All sequences were analysed for the International AIDS Society (IAS)-USA 2007 primary drug resistance mutations [10] and only these mutations were included in the actual analysis.
Date of drug resistance acquisition
In accordance with the main purpose of the study -to look at incidence trends over time and not crude rates of resistance development -we applied strict criteria to define the date of drug resistance acquisition. This increased the specificity and minimized misclassification with regards to time of resistance development. We were aware that this could lead to an underestimation of the crude rate of resistance development. For each class of drugs, we linked the date when the first genotypic resistance mutation was detected to the most recent virological failure during treatment with the given class of drugs. If the virological failure had occurred no earlier than 365 days before the date of the detected genotypic resistance, the event date (date of drug resistance acquisition) was defined as day 30 (out of 60) with VL>1,000 copies/ml. Using this definition, the resistance mutations detected (for example, in the year 2000) could have a corresponding event date in 1999. If no virological failure had occurred during the 365 days before the first detected resistance mutation, the date of acquisition could not be defined and no event was registered. We only used the first performed genotypic resistance test after a virological failure. The 365-day period was increased to 730 days in a sensitivity analysis. Another sensitivity analysis defined the date of drug resistance acquisition as the day of resistance testing, dismissing the requirement of previous virological failure; thus, allowing us to use all available resistance test results.
Risk time
Time at risk for acquiring a mutation conferring resistance towards a drug class was defined as the cumulative time a patient was treated with a HAART regimen including at least one drug from that drug class. We computed time at risk from either the start of the HAART or 31 December 1998, whichever came last, until the first event (date of drug resistance acquisition), death, emigration or 31 December 2005. A patient could change from one risk set to another as he changed treatment regimen.
Incidence rates
Incidence rates (IRs) of acquiring drug resistance mutations were stratified according to calendar periods and were estimated in three ways: as the IR of the first new mutation within a drug class, as the IR of any new mutation within a drug class and as the IR of each specific mutation. For the second estimate, we counted all new resistance mutations within each drug class; thus, a person with more than one mutation within a drug class could have multiple events that all counted towards calculation of the IR. Trends over calendar time were analysed by Poisson regression. We used Stata statistical software version 9.2 (College Station, TX, USA) for all analyses. P=0.148) . When the allowed period between virological failure and resistance was increased from 1 to 2 years, we found slightly higher rates of resistance but similar trends of resistance rate changes over time for all three major drug classes. When previous virological failure was not taken into account, we found 2-3× higher crude IR rates but similar decreasing trends over time.
Results
Patient characteristics
Incidence rates of any new drug resistance mutation within a drug class 
Incidence rates of specific drug resistance mutations
The most frequent new NRTI-related drug resistance mutation was M184V/I, with an overall IR of 5.6 per 1,000 PYR (95% CI 4.0-7.8). The 
Discussion
In this study, based on Danish nationwide data from individuals infected with HIV-1, we found decreasing population-based IR of drug resistance acquisition during 1999-2005 for all three major antiretroviral drug classes, although non-significantly for PIs. The most frequent mutations were M184V and K103N. To our knowledge, this study is the first to estimate resistance acquisition trends in a population where the total time on treatment prior to an event for all patients is counted in the denominator. The major strength of our study was the access to all HIV patients, VLs, treatment history and resistance tests performed within a geographical area.
The strict criteria applied to define the date of drug resistance acquisition increased the specificity and minimized misclassification with regards to time of resistance development. It also made the results more robust towards bias stemming from the changes of the testing criteria and improvements in resistance mutation detection assays over time. Patients with resistant virus who maintained a low VL might have passed unrecognized by our analysis because they did not have a resistance test performed or because they did not meet the criteria of virological failure; therefore, the crude rates of resistance mutation acquisition are likely to be underestimated, but the observed trends over time most likely reflect actual trends.
During the study period, resistance testing became increasingly sensitive and tests can now be performed in patients with low VL. Consequently, we saw an increase in the proportion of patients with genotypically-resistant HIV detected at low-level viraemia (data not shown), which might have increased the most recent IR, biasing our results towards underestimating the decrease over time. Increased prescription of resistance tests would bias the results in a similar fashion. The total number of resistance tests has decreased over the years because virological failure has become less common [9] ; however, resistance tests have been used with increasing frequency and even in scenarios where non-compliance or drug holidays are likely reasons for virological failure. We do not, however, provide information on mutations accumulating during treatment of patients with repeated or chronic failures of therapy. Current guidelines recommend resistance testing when drug-exposed patients experience sustained increased VL [11] , as well as prior to ART initiation. All HIV patients in Denmark are now tested at the time of diagnosis and we therefore know that the prevalence of transmitted drug resistance is as low as 4% (unpublished data) and has remained stable since year 2000. Only 45 individuals in Denmark have been infected with drug-resistant HIV after year 2000 and because these were assumingly treated with susceptible drug combinations according to their resistance profiles, it is unlikely that events in these patients have biased our results in any significant way.
The exposure times observed reflect the use of the different antiviral classes. Up to year 2000 the drug combination of choice in ART-naive patients was a PI plus two NRTIs, but already in 2002 NNRTIs had almost completely overtaken the role PIs. In Denmark, use of boosted PIs was routine treatment already in the late 90s, which might be why we find a very low incidence of PI mutations.
The IR of specific drug resistance mutations show which mutations develop first during HAART. The NRTI-related mutation M184V/I is selected by and causes high-level resistance to lamivudine [12] , one of the core medications in the Danish treatment recommendations [13] . D30N is induced by nelfinavir, which confers resistance only to this drug [14] . By contrast, L90M causes a broad range of cross-resistance to the PI drug class [15] . A recent study by the UK collaborative group on HIV drug resistance and UK collaborative HIV cohort study found a decrease in the prevalence of PI resistance from 1998 to 2005, with L90M being the most prevalent PI resistance mutation, which is similar to our findings [6] . Also in accordance with our findings, this group and the UK CHIC Study Group [16] found that the risk of developing resistance was higher during NNRTI treatment than during treatment with PIs. In addition, a recent study by Riddler et al. [17] reported that HIV in patients on efavirenz treatment were at greater risk of developing drug resistance mutations than HIV in patients on boosted lopinavir. Similar conclusions were reached in a paper from the Swiss HIV Cohort Study [18] .
Vercauteren et al. [19] estimated the magnitude of acquired resistance, categorized as multidrug resistance and full-class resistance. In accordance with our results, the authors found a decreasing incidence of antiretroviral drug resistance mutations over time, but did not exclude patients previously treated with mono or dual antiretroviral regimens from their study. Because all patients included in our study had been treated with HAART regimens only, the decrease cannot be ascribed to failure of earlier mono and dual treatment. Furthermore, different ways of calculating IR make the studies difficult to compare.
In conclusion, we found that the incidence of HIV resistance to antiretroviral drugs was decreasing in Denmark. We assume that this was driven by increased drug adherence, which has been a major focus for both patients and healthcare professionals. Newly developed antiretroviral drugs are more tolerable, can be taken once daily and also have altered resistance mutation patterns. A decreasing risk of developing resistance to antiretroviral drugs is of major public health importance and serves as an optimistic scenario for low-income countries that are currently scaling-up access to HAART. 
